The performance of ectotherms can be related to temperature: performance increases with temperature to a certain optimum, above which it quickly drops. Climate warming is a threat to tropical ectotherms, whose thermal optima are relatively low. Temperate and alpine ectotherms, in contrast, have higher thermal optima, and therefore may benefit from rising temperatures. The preferred body temperatures (T p ) and field body temperatures (T b ) of viviparous Australian alpine skink, Pseudemoia entrecasteauxii (Duméril and Bibron), were compared. Results showed that T p was lower than T b in early summer, implying that short-term warming could enhance performance. These thermal performance parameters are one of many factors that require consideration when predicting the vulnerability of ectotherms to climate warming.
Introduction
Climate warming presents a permanent and pervasive challenge to organisms worldwide (IPCC 2015; Parmesan 2006) . Consequently, biologists are interested in developing conservation and management strategies that prioritise vulnerable species (Williams et al. 2008) .
Ectotherms are arguably the most sensitive to warming, since performance depends on body temperature, and body temperature depends on the environment (Angilletta et al. 2002) . Ectotherms operate at body temperatures (T b ) between specific critical thermal minima (CT min ) and maxima (CT max ; Huey et al. 2012) . Within those limits, performance is highest at a certain optimal temperature (T o ), but most ectotherms thermoregulate to a preferred body temperature (T p ) just below this optimum. When T b < CT min , performance gradually lessens, but when T b > CT max , performance rapidly drops to lethality. The extent to which an ectotherm is vulnerable to climate warming depends on whether it is currently achieving or exceeding T p (T b ≥ T p ), or not achieving T p (T b < T p ): if the former were true, climate warming would push T b towards CT max , reducing performance and restricting activity, but if the latter were true, warming would bring T b closer to T p , enhancing performance and enabling extended activity (Huey et al. 2012) .
Highland ectotherms are exposed to cooler, more variable temperatures than tropical ectotherms, thus selection should favour broader thermal tolerance in alpine areas compared to the tropics (Janzen 1967). Indeed, recent analyses suggest that tropical lizards are more in danger of extinction due to climate warming (Sinervo et al. 2010 ) than temperate and alpine lizards (Aguado and Braña 2014; Caldwell et al. 2015) . Nevertheless, thermal performance curves vary between species, and whether all temperate lizards benefit from short-term climate warming remains unclear (reviewed in Clusella-Trullas and Chown 2014). The present study compared T p and T b in the Australian alpine skink Pseudemoia entrecasteauxii (Duméril and Bibron 1839) to evaluate its vulnerability to future climate warming.
Pseudemoia entrecasteauxii are found in south-east Australian forests and grasslands (Cogger 2014) . They are active roughly between December and March (Pengilley 1972 cited in Stapley 2006), during which they progress through viviparous reproductive stages-autumn spermatogenesis and mating (sperm storage over winter hibernation) and spring/summer births (Murphy et al. 2006 ). Both sexes must monitor food consumption to meet the energy demands of each stage, and gravid females must carefully thermoregulate to maximise performance (high T o ) and embryonic survival (low T o ; Beuchat and Ellner 1987). If climate warming results in T b > CT max during spring/summer, fecundity would suffer; however, if warming pushes a low T b closer to T p , then extended foraging time may increase fecundity. Given their complex ecology, and that their active months are the hottest of the year (BOM 2015), predicted to get hotter (Worboys and Good 2011) , this species provides a compelling system for examining climate warming impacts on ectotherms.
The present study aimed to test whether alpine ectotherms would benefit or not from future climate warming during one part of the year. It was hypothesised that P. entrecasteauxii would not be achieving T p (T p > T b ) in early summer, and therefore benefit from future warming.
Methods Lizard collection and husbandry
All materials and equipment were provided by The Australian National University's Research School of Biology. Twelve P. entrecasteauxii (three males, nine females) were collected by hand or with mealworm baits from the Rainbow Lake walking trail in Kosciuszko National Park, midDecember 2015. In the laboratory, lizards were transferred into individual plastic tubs with mesh windows. Tub floors were covered in soil from the capture site. Dishes of water and toilet rolls for shelter were placed inside, but no food was provided. Bright indoor lights were kept on during daylight hours, and temperature was kept at ~20°C. The lizards were handled by another research party for two days following capture.
Measuring T p and field T b
Preferred body temperature was determined using a thermal gradient. A 150 cm × 30 cm × 15 cm Perspex chamber with two runs (separated by a Perspex wall) and a removable lid were set up in a quiet room. A linear temperature range from ~7°C to 47°C was achieved inside the chamber with a heat lamp at one end. Lizards were placed in the thermal chamber in pairs (one per run) and left alone for five minutes to achieve T p . Lizard body temperature was measured by pointing an infrared thermal gun (FLUKE 568 or Digitech QM7215) on the dorsal side between the shoulders. This was repeated at midday the following day. Body and substrate temperatures in the field were recorded by pointing an infrared thermal gun at log-or rock-basking P. entrecasteauxii along the Rainbow Lake walking trail, also around midday.
Results
Mean T p was found to be significantly higher than mean field T b using a Student's t-test (Figure 1; P<0.001 ). This suggests that P. entrecasteauxii was not achieving T p in the field at the time of collection (early summer). Air temperatures (between 23°C and 26°C) and substrate temperatures (logs and rocks; ~28°C) were fairly consistent with T b . Conditions during collection were sunny, partly cloudy and slightly windy. 
Discussion
Pseudemoia entrecasteauxii achieved a lower T b than T p for early summer, implying that a climate warming-induced increase in T b would not be detrimental to reproduction, but rather enhance performance and extend active hours for foraging. This supports the hypothesis that alpine lizards may benefit from short-term warming, and agrees with past research (Aguado and Braña 2014; Caldwell et al. 2015) . Nevertheless, several limitations must be noted.
Sample size was small, and predominantly female. Beal et al. (2014) found that body temperatures of Sceloporous jarrovii varied between sexes: it is possible that the data are only representative of female lizards.
Lizards were left in the thermal gradient for only five minutes, and their body temperatures were measured in a relatively intrusive manner. Stapley (2006) allowed her lizards one month to familiarise themselves with their thermal gradient, and used a thermal camera to collect temperature data. It is possible that the lizards in this study were agitated by handling and human presence such that achieving T p was not prioritised.
The current data only describe a few days within a season-it is unknown whether P. entrecasteauxii achieve T p in autumn and hence also unknown whether climate warming is a year-long benefit.
It is therefore recommended that further research on this topic involve a large and diverse sample size, a thermal gradient in which lizards can comfortably and naturally achieve T p with minimal interference, and repeated collections and measurements throughout the active season.
Comparing T p and field T b , while useful, is only one of many factors that contribute to ectotherm climate change vulnerability. Others include the extent to which behavioural thermoregulation and microclimate heterogeneity can buffer warming, the plasticity and adaptive potential of thermal performance parameters (i.e. T p and CT max ), and the impact of biotic and abiotic forces (besides temperature) that result from climate change (Clusella-Trullas and Chown 2014; Huey et al. 2012 ). For example, Kearney et al. (2009) predict that an increase in air temperature in Australian temperate zones is easily managed by shuttling between sun and shade. Whether P. entrecasteauxii is capable of shuttling through future climate warming is worth investigation. One suggestion is to survey the available temperatures for P. entrecasteauxii with absorptive lizard-shaped objects (see Sunday et al. 2014) , and model how those temperatures might change with climate warming. According to Huey et al. (2003) , ectotherms are incapable of adapting to climate warming due to physiological constraints: thermoregulation allows ectotherms to avoid unwanted temperatures and therefore weakens selection pressures for higher thermal tolerances. Perhaps a close examination of phylogenies (see Clusella-Trullas and Chown 2014) will reveal which lizard families are most at risk.
In conclusion, it is possible that highland ectotherms, like P. entrecasteauxii, will benefit from short-term climate warming; however, accurately predicting species' responses to climate change requires a broader, more comprehensive approach-a direction for future research.
